In this work, the e®ects of activated time on the structural properties of plated plant¯ber nonwoven sheet were investigated systematically using scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). Results showed that there existed a saturated adsorption state on the surface of sheet in the PdCl 2 solution. The adsorbed rate and saturated adsorption capacity increased with the increase of PdCl 2 concentration. As a result, the deposited quantity and crystallization characteristics of plated nonwoven sheets were¯rstly enhanced and then unchanged with increase of activated time. The Pd-adsorbed capacity reached saturation point when the activated time was 16 min. The maximum plated quantity was 0.02 and 0.028 g/cm 2 when the concentration of activating solution was 0.015 and 0.15 g/L on the surface of sheet.
Introduction
The metalization of plant¯ber nonwoven sheets has application prospect, such as surface protection, [1] [2] [3] microelectronics industry, 4 surface decoration 5 and fabrication of biological devices, 6 due to soft, good deformation and excellent electrical conductivity. 1, 2 There are several methods to prepare the metalization of nonwoven fabrics such as electroplating, electroless plating, vacuum deposition and magnetron sputtering. 7 Electroless deposition is the preferred method for the metalization of plant¯ber nonwoven sheet.
The activation, and then plating were the most common process for the electroless plating. Geng et al. 8 reported that the dielectric barrier discharge plasma at atmospheric pressure was used to improve the adhesion and hydrophilicity of PET nonwoven fabrics. Hou et al. 9 reported that conductive Cu patterns were plated on plant¯ber textiles, which include multistep procedures, namely, 3-aminopropyltrimethoxysilane (APTMS)-modi¯cation, selective Cu-seeding and Cu-lines deposition. The electroless plating on substrate surface requires that the region be locally activated by adsorption of metal nano-particle catalysts (such as Pd, Ag and Au), 8, 9 so that the metal cations in electroless plating bath are auto-catalytically reduced to metal atoms by the reductant under the catalysis of the adsorbed catalysts.
It is well known that structural properties of the plated coating depend on the plated parameters. Hu et al. 10 reported the e®ect of bath stabilizer and pH on electroless nickel plating on surface of magnesium alloys. They found that the bath pH not only changed the reactivity of the bath, but also had a strong impact on microstructure and electrochemical properties of coatings. Qiu et al. 11 found that the bath pH had a substantial in°uence on structural properties of plated PET substrate by printing prime in combination with palladium activation. Sun et al. 12 found that the deposition rate of coating were enhanced with the increase of bath temperature.
In a word, most of the investigations focused on the relationship between plated parameters and structural properties of plated coating. Both plated process and activated process also have a signi¯cant e®ects on the structural properties of plated coating. 13 However, the e®ects of the activated time on the structural properties of plated nonwoven fabrics sheets are still not well studied. In this work, nonwoven fabric sheets were activated in 0.015 and 0.15 g/L PdCl 2 solution, and then electroless nickel plating. The e®ects of the activated time on the structural properties of plated coating on nonwoven fabrics substrate were investigated systematically using X-ray di®raction (XRD) and scanning electron microscopy (SEM).
Experimental
The commercially available nonwoven fabric sheets (5 Â 5 cm) were used as substrates. The plant¯ber nonwoven sheet is glue plant¯ber and polyester staple¯ber joined together by longitudinal, lateral and random arrangements. The nonwoven fabric sheets were ultrasonically cleaned in ethanol, distilled and acetone water for 30 min, respectively. The sheets were immersed in an activated solution composed of PdCl 2 (0.15 and 0.015 g/L) and 20 g/L H 3 BO 3 (the pH value was adjusted to 2 by HCl) at 25 C for 1, 2, 4, 8, 16, 32 and 64 min. Then the activated sheets were put into the electroless nickel plating bath containing Na 3 4 Cl 18 g/L and NaH 2 PO 2 ÁH 2 O 15 g/L. The bath temperature was 333 K, and plated time was 3 min.
The pH value was adjusted to 10 by NaOH (10 wt.%). The nickel-plated nonwoven fabric sheets were rinsed with deionized water, and then dried in an oven at 60 C for 2 h.
The chemical compositions of pristine plant ber nonwoven sheet and activated sheets were analyzed by X-ray photoelectron spectroscopy (XPS) (AXIS ULTRADLD, h ¼ 1486:6 eV) equipped with a monochromatic AlK X-ray source. The surface morphology of the plated coating was observed with SEM (JEOL, JSM-5600LV). The crystallographic properties of the samples were measured by XRD (Rigaku D/max-2550V) employing CuK radiation (k ¼ 1:5440 A). The XRD data were collected from 2 ¼ 30 to 80 range with a step interval of 0.03 . The deposited quantity (W ) of plated plant¯ber nonwoven sheets was calculated as follows:
where m 1 is the weight of the nonwovens before plating and m 2 is the weight of the nonwovens after plating. the activated time was 32 min). The peaks at about 28, 338.4, 398.8 and 534 eV are due to the C 1s, Pd 3d, N 1s and O 1s, respectively. 14 As shown in the Fig. 1(a) , the characteristic peak of nitrogen was detected, which indicated that the surface of pristine sheets has amine groups. Pd 3d signal was detected in the spectrum after activating, as shown in Figs. 1(b) and 1(c). It was indicated that the structure of sheets would facilitate the adsorption of palladium ions. The Pd-adsorbed amount of 0.015 g/L-activated and 0.15 g/L-activated sheets were 0.88% and 1.36%. It is concluded that the structure of plant¯ber nonwoven sheets would adsorb more palladium ions with the increase of PdCl 2 concentration. The active groups absorbed Pd atoms via chelation, which reduces the electron density around Pd atoms. The chemisorbed Pd atoms used as the catalyst for the electroless plating tabulate the chemical reaction process as follows 11 : Changes in the color of plated samples can mean electroless nickel plating on the surface of sheets. It was indicated that nickel particles deposited on the surfaces of sheets when the activated time was 1 min, and increasing the activated time would facilitate the enhance of the deposited quantity. However, when the concentration of activated solution was reduced to 0.015 g/L, as shown in the Fig. 3 , the color of sheets turned gray when the activated time was 4 min. It was indicated that the shortest activated time (the sheets activated in PdCl 2 solution for shortest time (shortest activated time), and then the nickel atoms could deposit on the surface of sheets) reduced with increasing PdCl 2 concentration. Figure 4 shows XRD patterns of plated nonwoven sheets when activated in 0.015 g/L PdCl 2 solution for di®erent activated time. The peak at about 45 belongs to (111) di®raction peak of face-centered cubic nickel. [15] [16] [17] It was observed that nickel related peak appeared when the activated time was 4 min, which indicated that face-centered cubic nickel crystallites were plated on surface of sheets. The peaks shifted to a lower degree and the full width at half maximum (FWHM) of the peaks became narrower when the activated time increased to 16 min. Further increasing the activated time, there were no signi¯-cant changes in the feature peak. The results revealed that the crystallization characteristics of plated nonwoven sheets were¯rstly enhanced when the activated time increased from 2 min to 16 min, and then remain unchanged from 16 min to 64 min. However, when the PdCl 2 concentration increased to 0.15 g/L, the nickel related peak appeared when activated time was 1 min and the FWHM of the peak became narrower, as shown in Fig. 5 . It was indicated that the shortest activated time reduced and the crystallinity of nickelplated coating enhanced with increasing PdCl 2 concentration. Figure 6 shows SEM images of plated sheets when activated in 0.015 g/L PdCl 2 solution for (a) 2 min, (b) 4 min, (c) 8 min, (d) 16 min, (e) 32 min and (f) 64 min. Rough surface and uniform morphology on the surface of¯bers were observed, which is bene¯cial to improve the speci¯c surface area and enhance the adsorbed capacity of catalyst and nickel atoms. The Ni particles began to appear when the sheets activated for 1 min, and then the particles grew up with the increase of activated time. It was revealed that the deposited nickel atoms aggregated and repeated to form nickel particles in the plated coating. However, when the concentration of palladium chloride decreased to 0.015 g/L, the shortest activated time was increased to 4 min, as shown in Fig. 7 . The structural property of plated coating was not changed obviously when the sheets were activated for 16, 32 and 64 min. It was also observed that plated coating on surface of 0.15 g/Lactivated sheets was better and more compact than the 0.015 g/L-activated sheets when activated time was increased from 4 min to 64 min. Figure 8 shows deposited quantity of plated plant ber nonwoven sheets with di®erent activated time when activated in (a) 0.15 g/L and (b) 0.015 g/L PdCl 2 solution. As can be seen in Fig. 8 , the deposited quantity of plated plant¯ber nonwoven was¯rstly enhanced and then remained the same. When the activated time increased from 0 min to 32 min, the deposited quantity of 0.015 g/L-activated sheets rapidly increased from 0.005 g/cm 2 to 0.02 g/cm 2 , and the deposited quantity of 0.15 g/L-activated sheets increased from 0.007 g/cm 2 to 0.028 g/cm 2 after electroless plating. With the increase of activated time, the deposited quantity of plated sheets remained the same. It was suggested that increasing the concentration of activated solution would facilitate the increase of the maximum deposited quantity on the sheets. The maximum deposited quantity was 0.02 and 0.028 g/cm 2 when the concentration of activating solution was 0.015 and 0.15 g/L.
Results and Discussion
The amine groups on the¯ber surface could absorb Pd atoms via chelation, which reduced electron density around the Pd atoms. The adsorbed Pd atoms act as the catalyst for the electroless plating, and increasing the activated time is favorable for the adsorption of Pd atoms on the surface of the¯ber. [18] [19] [20] Increasing the amount of palladium ions on surface of nonwoven fabrics would reduce the reaction barrier, 1, 12, 13 which would facilitate the deposition of Ni atoms. Moreover, there existed a saturated adsorption state on the was not obvious when the activated time continues to increase from 16 min to 64 min.
Conclusion
In this work, the e®ects of activated time on the structural properties of plated plant¯ber nonwoven sheets were investigated systematically. Results showed that the Pd-adsorbed amount on the 0.015 g/ zL-activated and 0.15 g/L-activated sheets were 0.88% and 1.36%. In addition, the deposited quantity and crystallization characteristics of plated sheets were¯rstly enhanced and then unchanged with the increase of activated time. The activated time of saturated adsorption state on the surface of¯ber in the PdCl 2 solution was 16 min. The maximum deposited quantities were 0.02 and 0.028 g/cm 2 when the concentrations of activating solution were 0.015 and 0.15 g/L after electroless plating.
